Objective: To test the working hypothesis that inflammation underlying precocious and severe coronary atherosclerotic disease in familial hypoalphalipoproteinaemia (FH) can be mediated by up regulation of the innate immune response. Conclusions: Increased concentrations of sICAM-1, C3c, and C4 co-express with high concentrations of CRP in FH. The lack of signs and symptoms of inflammation in these patients may suggest that the immune response is up regulated as part of the pro-inflammatory mechanisms that are activated in this atherogenic condition.
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W e have recently shown that in patients with familial hypoalphalipoproteinaemia (FH), a condition in which premature and severe coronary atherosclerosis is usually established, there is a latent inflammatory state that is detected by increased C reactive protein (CRP) plasma concentrations.
1 CRP is not simply a sensitive marker of inflammation but can also mediate complement activation. 2 In the recent debate about the interrelation between molecules with a central role in the development of inflammation underlying atherosclerosis, an increased expression of CRP has been considered the first step along the pathway that leads to increased concentrations of intercellular adhesion molecule-1 (ICAM-1), with complement acting as a biochemical intermediate. 3 4 These queries, crucial for understanding atherosclerotic processes, are still unanswered as far as human pathology is concerned. Complement has long been suspected to have a role in atherogenesis. 5 Atherosclerosis has been experimentally produced by the synergic action of allergenic injury to arteries and by a lipid rich diet. 6 A series of subsequent reports are in agreement with the immunological view of atherosclerosis. 5 7-9 In 1990, Seifert et al 10 showed that lipid fractions rich in cholesterol from atheromatous material of human aorta induce complement activation in a dose dependent manner, suggesting a direct association between lipid accumulation and immune system activation. Increased concentrations of complement components of either the early or the late (lytic complex constituents) complement cascade have been reported at the site of atherosclerotic lesions. [11] [12] [13] Lastly, it has been reported repeatedly that ICAM-1 expression, known to be induced by cytokines such as tumour necrosis factor a and interleukin 1b 14 as well as by lipoprotein components, 15 can increase in endothelial cells because of complement deposition. 16 The ICAM-1 molecules, as counterreceptors of lymphocyte function related antigen-1, are constitutive molecules of the immune system. 17 Their role is crucial in the early phase of atherosclerosis when circulating monocytes and T lymphocytes invade the subendothelial space; ICAM-1 too, have been reported in human atherosclerotic plaques, coexpressed in macrophages and endothelial cells. 18 Lastly, ICAM-1 molecules are definite prognostic markers of atherosclerosis. 19 ICAM-1 and complement components then cooperate actively with inflammatory phenomena in the atherosclerotic process and may have the common potentiality to mirror events at the site of the arterial wall.
FH, because of the increased CRP and cholesterol content issued into the arterial wall (due to a defective efflux), is a particularly appropriate condition for verifying the theory that the inflammatory atherogenic reaction, consequent to abnormal lipid homeostasis, may be associated with up regulation of the immune response.
Therefore, in the clinical setting of FH we investigated whether there were also increased plasma concentrations of soluble ICAM-1 (sICAM-1) and complement fractions, such Abbreviations: CRP, C reactive protein; ELISA, enzyme linked immunosorbent assay; FH, familial hypoalphalipoproteinaemia; HDL, high density lipoprotein; ICAM-1, intercellular adhesion molecule-1; sICAM-1, soluble intercellular adhesion molecule-1 as C3 and C4, above the increased concentrations of CRP. These molecules not only are exquisite representatives of the immune system but are also easily and accurately measurable in peripheral blood; on the other hand, the search for potential sites of intervention through which atherosclerosis progression can be inhibited or slowed down cannot be disassociated from the determination of biohumoral effectors of the inflammatory response within the vascular tree.
METHODS

Patients
We recruited 52 patients with FH (44 men and eight women, mean (SD) age 52.7 (16.8) years) who had been referred to our lipid clinic.
The diagnosis of FH had been based on at least three consecutive analyses indicating high density lipoprotein (HDL) concentrations under the 10th centile, as well as on documentation of the vertical transmission of the trait through two (18 kindred) or three (five kindred) generations. All patients had a normal body mass index and were free from other forms of organ, systemic, chronic, or recurrent disease and additional risk factors for atherosclerosis; none had experienced acute myocardial infarction in the six months before the study. Patients were excluded from the study if they had CRP concentrations over 5.00 mg/dl, as well as other markers of inflammation, indicating the presence of intervening infections. None of the patients in either the control or patient group was taking a hormone or b blocker.
In seven patients, the low HDL concentrations were also associated with raised triglyceride plasma concentrations (200 , triglyceride , 320 mg/dl); 26 had ischaemia with coronary artery disease, documented by angiography.
The control group consisted of 52 healthy volunteers (44 men and eight women, mean (SD) age 50.1 (8.6) years) recruited from healthy laboratory personnel who underwent a complete medical examination to exclude organ, systemic, or recurrent diseases. Moreover, they had normal lipid profiles and a reduced probability of coronary artery disease (, 5%) according to the criteria of Diamond and Forrester, 20 since they had no risk factors, no chest pain, and a negative ECG during exercise.
Laboratory analysis
Serum total cholesterol, triglyceride, and HDL cholesterol concentrations were assessed by standard procedures. low density lipoprotein cholesterol concentration was calculated according to Friedewald and colleagues. 21 Apolipoprotein A I, Lp(a) lipoprotein, high sensitivity CRP (0.02-6.00 mg/dl), C3, and C4 were assayed in serum stored at 280˚C, in one batch, by rate nephelometry (Behring BN 100, Dade Behring, Milan, Italy). Enzyme linked immunosorbent assays (ELISAs) were used for sICAM-1 (Bender Med System, Vienna, Austria). Routine chemical clinical analyses were performed by standard methods under strict quality control. The interassay coefficients of variation were , 5% for every type of measurement.
Statistical analysis
Data are expressed as mean (SD) or median and range for non-normal distributed variables. Quantitative variables not normally distributed were logarithmically transformed. Analysis of variance was used to evaluate differences in age, body mass index, lipid profiles, and CRP, C3, C4, and sICAM-1 concentrations between the two groups. Qualitative variables were analysed by the x 2 test. Linear regression and Pearson's correlation in univariate analysis assayed the relations between HDL, CRP, C4, C3, and sICAM-1 concentrations. The independent effect of each variable was then analysed by a set of multiple linear regressions and partial correlation coefficients. Table 1 lists the physical characteristics and complete lipid profile of patients with FH and of the control group. The two groups differed significantly, as expected, in HDL cholesterol, triglyceride, and apolipoprotein A I concentrations and in the ratios of total cholesterol to HDL cholesterol and of HDL cholesterol to apolipoprotein A I. There was no difference in total cholesterol and low density lipoprotein concentrations. Figure 1 shows CRP, C3, C4, and sICAM-1 concentrations in the FH and control groups, which clearly illustrates that all these parameters are significantly higher in the patients with FH: CRP concentrations were more than four times higher (median 0. To evaluate the circuit linking HDL, CRP, C4, C3, and sICAM-1, their correlation was analysed for all participants (fig 2) . The HDL result was significant and was negatively correlated with all the other parameters ( fig 2D, E, F, G) . A significant and positive relation was observed between CRP and C4 (fig 2C) , C3 and sICAM-1 (fig 2A) , and C4 and sICAM-1 ( fig 2B) .
RESULTS
Relations between HDL and CRP (r = 0.41, p = 0.002), between sICAM-1 and C4 (r = 0.37, p = 0.036), and between sICAM-1 and C3 (r = 0.41, p = 0.019) were also significant in the FH group despite the narrow range of value distributions.
C4 and C3 were highly correlated with each other in the entire population studied (r = 0.71, p , 0.0001), as well as in the FH group alone (r = 0.60, p , 0.0001), to the extent that they eliminated each other reciprocally in the multivariate analysis.
Multiple regression analysis showed a direct, negative relation of HDL with CRP (partial r = 20.53, p , 0.001), C3 (partial r = 20.34, p , 0.001), and sICAM-1 (partial r = 20.35, p , 0.01), of C3 and C4 with sICAM-1 (partial r = 20.30, p , 0.05 and r = 0.29, p , 0.05, respectively), of C3 with C4 (partial r = 0.63, p , 0.001), and of CRP with C4 (partial r = 0.28, p , 0.05).
DISCUSSION
We report that patients with FH have very high plasma concentrations of sICAM-1, C3, and C4 complement fractions, in addition to the high CRP concentrations that we reported previously. 1 The presence of any possible secondary cause of inflammation (due to organ or systemic, chronic, or recurrent disease) was carefully excluded in the patients under study; therefore, the increase in these markers must be interpreted as being associated primarily with FH.
The overexpression of these markers in patients relative to the control group is very strong. Since these are constitutive components of the immune system, they probably indicate that the atherosclerotic-inflammatory reactions that develop in this condition may be characterised by up regulation of the immune response.
While the experimental setting used provides evidence of an association between FH and high plasma concentrations of these immune system markers, it only leads to speculation as regards the mechanism(s) producing such an increased plasma expression.
Data in the literature suggest that CRP, C3, C4, and sICAM-1 are linked by a biological pathway through which an increased expression of CRP enhances inflammation by activating complement and that this, among other effects, stimulates the expression of ICAM 1.
3 Applying multivariate analysis, it emerges that HDL may directly influence sICAM-1, C3, and CRP. The data reported here suggest that low HDL concentrations might have acted on FH as a primary stimulus that triggered the chain of events in which high CRP concentrations activated complement and that, in turn, stimulated sICAM-1 expression; however, this may have been directly influenced by low HDL concentrations as well.
These data appear consistent with reports in the literature that several products of the activated complement system (C3b, iC3b, and C5a) can modulate endothelial cell function by influencing leucocyte activation and adherence by mediating the increased expression of ICAM-1 and by triggering local cytokine secretion; in short, by acting as pro-inflammatory mediators to atherogenesis. 14 The suggestion that the complement system constitutes the bridge, or one of the bridges, between the inflammatory stimuli (in this case, the low HDL concentrations) and atherosclerotic lesions is based on results obtained mainly in vitro and, above all, through many different approaches aimed at evaluating the involvement of the complement system.
Data for human atherosclerosis are either sparse or have been obtained by incomparable methods as far as the activation of complement cascade is concerned. [11] [12] [13] Our decision to measure C3 and C4 stems from two considerations: they are both at the beginning of the complement cascade; and they are involved both in the classical and in the alternative pathway of complement activation. In both instances, their increase may be interpreted as an increased secretion in response to chronic, continuous overconsumption; in effect, they are accurately measurable. Whether their increase in plasma can be interpreted as the result of an increased synthesis or release due to chronic constant consumption, albeit at a low level, is nevertheless a realistic possibility. 
